The role of Ce 3+ localization on the relative stability of the adsorbed species ( Figure S1 ), images of the most relevant DFT minima and transition structures ( Figures S2-S5 ), and details of the oligomerization reaction between C 2 H 3 * and -C 2 H 2 * species ( Figure S6 ) are shown here. In addition, the computed DFT total energies (Table S1 ) and optimized coordinates (Tables S2-S29 ) of the most relevant minima and transition structures are also provided.
. Relative energies for different locations of Ce 3+ ions on the CeO 2 (111) surface upon adsorption of six selected reaction intermediates: (C 2 H,H,H)*, (-C 2 H 2 ,H)*, (C 2 H 3 ,H)*, C 2 H 4 *, (C 2 H 4 ,H)*, and (C 2 H 5 ,H)*. The zero level (dashed line) corresponds to the most stable Ce . Top and side views of the transition structures of each elementary step for the hydrogenation of C 2 H 2 to C 2 H 4 on a (33) CeO 2 (111) surface. Labels R2, R5, R7, R8, R9, and R10 refer to the same labels used in Figure 6 . The color codes are indicated in Figure S2 . Figure S4 . Top and side views of the lowest energy optimized structures of reaction intermediates for the hydrogenation of C 2 H 4 * to C 2 H 6 on a (33) CeO 2 (111) surface. Labels I, J, K, and L refer to the same labels used in Figure 6 . The color codes are indicated in Figure S2 . Figure S5 . Top and side views of the transition structures of each considered reaction step for the hydrogenation of C 2 H 2 to C 2 H 4 on a (33) CeO 2 (111) surface. Labels R11, R13, R15, and R17 refer to the same labels used in Figure 4 . The color codes are indicated in Figure S2 . Figure S6 . Top and side views of the lowest energy optimized structures corresponding to eq R18. Labels M, R18, and N refer to the same labels used in Figure S8 . The color codes are indicated in Figure S2 . Table S2 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of gasphase H 2 , C 2 H 2 , C 2 H 4 , and C 2 H 6 . a = 12.0000 ax + 0.0000 ay + 0.0000 az b = 0.0000 bx + 12.000 by + 0.0000 bz c = 0.0000 cx + 0.0000 cy + 14.000 cz H 2 Atom x y z H 0.50000 0.50000 0.50819 H 0.50000 0.50000 0.56181 a = 12.0000 ax + 0.0000 ay + 0.0000 az b = 0.0000 bx + 12.000 by + 0.0000 bz c = 0.0000 cx + 0.0000 cy + 20. Table S4 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of H 2 * (B in Figure S2 ). Table S6 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (H,H)* (C in Figure S2 ). Table S7 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (-C 2 H 2 ,H)* (D in Figure S2 ). Table S8 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (-C 2 H 2 ,H)* (H in Figure S2 ). Table S9 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (C 2 H,H)* ( Figure 4c ). Table S10 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (C 2 H,H,H)* (G in Figure S2 ). Table S12 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (C 2 H 3 ,H)* (E in Figure S2 ). Table S13 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of C 2 H 4 * (I in Figure S4 ). Table S14 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (C 2 H 4 ,H)* (J in Figure S4 ). Table S16 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of (C 2 H 5 ,H)* (K in Figure S4 ). Table S22 . Supercell lattice vectors (in Å) and optimized atomic fractional coordinates of the transition structure on R7. a = 11.6361 ax + 0.0000 ay + 0.0000 az b = 5.8180 bx + 10.0771 by + 0.0000 bz c = 0.0000 cx + 0.0000 cy + 16.33384 cz 
